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Solvent ex t r ac t ion  of tar ac ids  from t a r  ac id  containing o i l s  is of 
i n t e r e s t  because of t he  p o t e n t i a l  savings i n  investment and operating cos t s  over 
t he  conventional batch caus t ic  ex t r ac t ion  process. A r e l a t ive ly  l a rge  number of 
solvents have been evaluated f o r  this ( l y s e .  p 
solvents contain a polar  owgen group and include water, methanol e hano1,folmic 
acid,  a c e t i c  acid, glycerine, t r i e thy lene  glycol,  and diethanoiamine(llj.  MDst of 
t he  previous s tud ies  involved countercurrent ex t rac t ion  w i t h  a s i n g l e  solvent.  A t  
high tar ac id  recovery l eve l s ,  there  i s  a s ign i f i can t  carryover of neu t r a l  o i l ,  
requiring secondary p u r i f i c a t i o n  of t h e  polar  solvent ex t rac t .  Frac t iona l  ex- 
t r ac t ion  vith two solvents provides a technique f o r  t he  recovery of one component 
of a mixture both i n  high yield and i n  high purity.  

For  the  most par t ,  p refer red  

Aqueous methanol-hexane were inves t iga ted  i n  our laboratory(') as a 
solvent p a i r ,  based on their high s e l e c t i v i t y  f o r  tar  acids,  l o w  cos t ,  ease of 
recovery, and s t a b i l i t y .  
ex t rac t ion  of the th ree  most important commercial sources, coke oven tar, petroleum 
derived c re sy l i c  acids,  and l o w  temperature tar will be discussed. 
separa t ion  of tar ac id  isomers and homoloyes by solvent ex t rac t ion  w i l l  be de- 
scribed. 

The y i e l d  and qua l i ty  of tar ac ids  produced by so lvent  

In addition, 

Experimental 

Extraction s tudies  were ca r r i ed  out  i n  a 1" x 8'  ex t rac t ion  colunn of t h e  
Scheibel type. The solvents, 
aqueous methanol and hexane were s tored  i n  3-gallon bo ros i l i ca t e  bo t t l e s .  Gravity 
feed was used, flow r a t e s  being measured with rotameters. 
solvents w a s  maintained by Dassage through c o i l s  heated o r  cooled i n  a water bath. 
Tar acid o i l  was pumped i n t o  the ex t rac t ion  column by means of a prec is ion  motor 
driven syringe. 
stage ex t rac t ion  c o l m .  
on a 1" x 4' Vigreaux column. 
f ined  tar acids. 
t a r  acids by buty l  ace t a t e  ex t rac t ion .  
neut ra l  o i l ,  and pyridine bases by standard methods. 
derived from ?etroleum, aromatic t h i o l s  and d i su l f ides  were d e t e r ~ i n e d ( ~ ) .  
hexane r a f f ina t e  was s imi l a r ly  d i s t i l l e d .  The solvent f r e e  residue was analyzed 
f o r  tar acids by a modified caus t ic  contraction method. 

A schematic diagram of apparatus i s  shown i n  Figure 1. 

The temperature of the  

The t a r  ac id  o i l  feed poin t  w a s  t he  s i x t h  stage of the  twenty-eight 
The methanol ex t r ac t  was f reed  of solvent by d i s t i l l a t i n n  

Tne water w a s  separated by decantation ana analyzed f o r  dissolved 
The residue consisted of a mixture of water and re- 

The w e t  tar ac ids  were analyzed f o r  water, 
In t i e  case of the  t a r  acids 

. 

The 

The de ta i l ed  procedure f o r  laboratory scale r e f in ing  o a methanol ex- 
' t r ac t  with anion and ca t ion  exchange r e s ins  has  been 
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Low Temperature Tar Acids 

A tar acid o i l  (b.p. 160-230) derived from f lu id ized  low temperature car- 
bonization of a i tsburgh Seam c o a l  w a s  ref ined with aqueous methanol-hexane. 
Previous s tud ies re l  narrowed the  optimum concentration of methanol t o  60 t o  7&, 
using feed:methanol:hexane r a t i o s  of 1/1.5/3.0. 
sults are  shown i n  Table 1. 
e x t r a c t  w a s  92%. 
l e v e l  f o r  commercial t a r  acids .  

The extract ion conditions and re- 
The observed recovery o f  tar acids i n  t h e  methanol 

Neutral  o i l  contamination was 0.084, w e l l  below t h e  acceptable 

Tar base content w a s  determined as 0.6$, which i s  3 to  6 times higher 
than current  specif icat ions.  
solvent  extract ion approach t o  tar ac id  re f in ing  and is c h a r a c t e r i s t i c  of all 
organic solvents considered t o  date. 
t r a c t i o n  with su l fur ic  a c i d  o r  by d i s t i l l a t i o n  uith s u l f u r i c - o r  phosphoric acids(') 
has been proposed. 

and has already been described 

This carryover of tar bases is a l i m i t a t i o n  of the  

Removal of tar bases from tar acids by ex- 

An i o n  exchange technique, using a s t rong a c i d  cat ion resin,  
f o r  removal of t a r  bases from an01 ext rac ts  was developed i n  our  laboratory 

Low temperature tar  acids  produced by solvent ex t rac t ion  o r  caus t ic  
ex t rac t ion  are  contaminated w i t h  small quant i t ies  of a l i p h a t i c  acid,  ranging from 
a c e t i c  through butyr ic  acid.  
f r a c t i o n  and i m p a r t  a f o u l  odor. 
anion exchange r e s i n  and a ca t ion  exchange res in  i n  series@,'), results i n  the 
recovery of tar acids of s a t i s f a c t o r y  q u a l i t y  with respect t o  neut ra l  o i l ,  ali- 
phat ic  ac ids ,  and pyridine bases. 

These a l i p h a t i c  acips are concentrated in the phenol 
Pur i f ica t ion  of the meth 01 e x t r a c t  with an 

A schematic flow diagram and the chemical react ions involved i n  t h i s  
ion  exchange pur i f ica t ion  are shown i n  Figure 2. 
over an anion exchange resin.  The quaternary ammonium hydroxide groups combine 
with tar acids  t o  form phenolate salts. The a l i p h a t i c  acids by v i r t u e  of t h e i r  
higher a c i d i t y  gradually d isp lace  the  phenols until the  res in  is sa tura ted  wit21 
a l i p h a t i c  acids. 
required. 
a re  removed as pyri6inium sulfonates.  The pur i f ied  methanol ex t rac t  is  t rea ted  
as before f o r  the removal of methanol and water. 
t a r  acids  i s  presented i n  Figure 2. 
0.05$, respectively,  are  wel l  within commercial specif icat ions.  Aliphatic acids 
could not  be detected by analysis  o r  by odor. 

Coke Oven Tar Acids 

The methanol e x t r a c t  i s  pumped 

Breakthrough of a l i p h a t i c  acids follows and regeneration is 
The methanol e x t r a c t  then contacts a cat ion r e s i n  where pyridine bases 

The analysis  of the  f u l l y  refined 
The n e u t r a l  o i l  and ta r  bases values of 0.08% and 

Solvent ex t rac t ion  of tar acids f r o m  coke oven tar presents a number of 
unique problems. 
t o  raise i t s  freezing point  wel l  above ambient temperature, which necess i ta tes  
d i l u t i n g  t h e  t a r  ac id  o i l  v l t h  one of the solvents  o r  ex t rac t ing  above ambient 
temperature. 
corresponding f rac t ion  from l o w  temperature t a r ,  and the  r a t i o  of tar bases is  
q u i t e  high, 0.11 as  compared t o  0.013 f o r  l o w  temperature t a r  acid o i l .  !be low 
concentration of tar acids imposes an econorcic penalty,  since throughputs and so l -  
vent r a t i o s  are  proport ional  t o  the t a r  acid o i l  volume ra ther  than absolute tar 
acid concentrations.  The r e l a t i v e l y  h igh  concentration of tar bases w i l l  r e s u l t  
i n  a correspondingly la rge  contamination of the recovered t a r  acids,  since most 

A narrow b o i l i n g  t a r  acid o i l  contains s u f f i c i e n t  naphthalene 

Tine concentration of t a r  acids is about l/3 the concentration of the 
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oGgenated solvents w i l l  ex t r ac t  pyridine bases. 
cocditions znd ext rac t ion  res:ults a r e  shown i n  Table 2 .  A 90$ recovery of t a r ,  
acids was  ob?;aioed. me neut ra l  o i l  content of t h e  recovered t a r  ac ids  was w e l l  
under 0.15, which meets cur ren t  syec i f ica t ions .  The tar base contamination w a s  
4.15 as  conpared t o  yublished spec i f ica t ions  of 0.1 to  0.2%. I o n  exchange puri-  
?:cation wo,ild reduce t h e  tar bases t o  an acceptable leve l .  Eowever, the  cosm 
f o r  such a secondary pu r i f i ca t ion  would be qu i t e  high because t h e  consmption of 
ion exchange regenerant is  proportional t o  tar base concentration. The added re- 
l i n i 3 3  cos ts  niat b e  j u s t i f i e d  if  by-product c r e d i t  could be taken f o r  t he  t a r  
bases, which can be recovered from the res in ,  free of tar acids a d  neu t r a l  o i l s .  

P e t r o l e m  Sresy l ics  

The de ta i l ed  solvent ex t rac t ion  

I 

Criude tar ac ids  produzed by the caus t ic  washing of gasoline have beccme 
an important source of refined c re sy l i c  acids i n  the  LJ. S. fi'ornally, Ghese a r e  
ava i lab le  ns caus t ic  solutions containing 10 t o  50% t a r  ac ids  a d  from 1 t o  20% 
aromatic nercaptans and d isu l f ides .  
s u l f u r  conpoucas f r o m  tar  acids i s  oxidation of t h e  su l fu r  compoucds t o  d isu l f ides  
and separatLon of t he  caus t ic  inso lsb le  d isu l f ides .  
cation can- be e f fec ted , ,  su f f i c i en t  d i su l f ides  remain dissolved in .  the  a lka l ine  
so lu t ion  t o  3e objectional,  and the re  i s  a loss  of t a r  acids during the oxidation 
step. 

hexane") ucder optimum conditions results i n  a recovery of 95% of t h e  tar acids 
and simultaneous elimination of 99.5+$ of the  mercaptans and d i su l f ides  i n  the  
feed. The effectiveness of t h i s  separation i s  qu i t e  unexpected when one considers 
phenol and thiophenol as prototypes of the  mixture. Although thiophenol is  slmost 
e thousaqd times stronger an ac id  than phenol, thiophenol i s  r e j ec t ed  by aqueous 
methanol, the mgre po lar  solvent. BIZ d i s t r ibu t ion  behavior of  thiophenols can 
be explained as a r e s u l t  of t h e i r  i n a b i l i t y  t o  hydrogen bond with oxygenated 
solvents. 

me conventional method of separa t ing  the  

'Thile a s i g n i f i c e n t  pu r i f i -  

Frac t iona l  ex t rac t ion  of a feed o f  this type w i t h  aqueous methanol- 

%e d e t a i l s  of an ac tua l  laboratory ex t rac t ion  of a crude tar ac id  mix- 
t u r e  from oetroleum i s  shown i n  Table 3. 
r a t i o  of 1.0/2/4.5, t h e  recover j  of tar acids i n  the  ex t r ac t  was 97$ and the su l fu r  
conpound contamination w a s  0.012$. 
derived f r o s  ca t a ly t i c  cracking of gas o i l s  contain very low concentrations of 
pyridizle bases because chemical combination of bas i c  compounds w i t h  t h e  ac id ic  
cracking c a t a l j s t  occurs during cracking, Maximu pyridine contamination i s  about 
0.05$, which i s  acceptable. 

Using a tar ac%d/60$ methanol/hexane volume 

N e u t r d  o i l  contanination i s  O.O$. Tar acids 

Titt-Consol Chemical Company, a subs id ia ry  of Consolidation Coal Company, 
has operated a comerc ia l  ex t rac t ion  uni t  f o r  t he  r e f in ing  of petroleum derived 
t a r  acids f o r  6 years. 
f i n e r i e s  a re  being processed. 
duplicates our laooratory ,unit i n  terms o f  y i e l d  and p u r i t y  of re f ined  tar acids. 

Miscellaneous Refining Applications 

Compcsite crude tar ac ids  from a t  l e a s t  35 petroleum re- 
The performance of t h e  c o m e r c i a i  ex t rac t ion  column 

Seoarztion of flonohyydric - Dihydric Phenol Mixtures 

Tar acids bo i l ing  above 230°C from low temperature tar contain dihydric 
phenols, -,iiich turn pi& when a lka l ine  solutions o f  the tar acids are oxidized. 



232. 
This discolorat ion is object ionable  vhen dis infectant  appl icat ions are contemplated, 
Removal of the pinking components bas been ef fec ted  by air-blowing n l e  solut ions 
or  extract ion u i t h  borax, requiring consumption of chemicals and loss of some tar 
acids due t o  oxIdation. 

Fract ional  so lvent  ex t rac t ion  of the  high b o i l i n g  tar ac ds ( 2 j O - j ~ O " C )  
produced from low temperature tar Kith more d i l u t e  methanol-hexanetlO), w i l l  sepa- 
r a t e  the  dihyydric phenols. 
methanol, 11% of the  feed is recovered as a methanol extract, the r a f f i n a t e  boi l ing  
up t o  260Oc containing no dihydrics.  
J5$ removed more of the  clihydrics, the tar acids  boi l ing  up t o  280° being f r e e  of 
pinking. 
of  7% w a s  obtained, which showed no dihydrics i n  the tar acids  boi l ing  up to  3OO"Z. 
Extraction of a synthe t ic  mixture containing catechol vith 3546 aqueous methanol- 
hexane produced a hexane r a f f i n a t e ,  containing 76% or  the monohydric pnenols com- 
p l e t e l y  f r e e  of catechol.  
tar acids  i n  two f rac t ions ,  one of which contains no dihydric phenols. 

Separation of 2,6-xylenoi From Mixed Cresols 

'Ilte r e s u l t s  are sunrmarfzed i n  Table 4. Using 3O$ 

h increase i n  the methanol concentration to  

When the methanol concentration w a s  increased t o  @'$, a hexane r a f f i n a t e  

p l i s  method has the  advantage of complete recovery of 

6 
An i n t e r e s t i n g  appl ica t ion  of aqueous methanol-hexane extract ion i s  the 

separat ion of 2 ,6-~yienoi  f r o m  mixed creso ls .  
t r a t i o n s  i n  the c reso l  f r a c t i o n  and i s  v e 4  d i f f i c u l t  t o  recover i n  high purity 
because it b o i l s  q u i t e  c l o s e l y  t o  both o-cresol and m,p-cresol. 

2,6-&rlenol occurs in low concen- 

Fract ional  ex t rac t ion  of a mixture corresponding In composition t o  a /- 

f r a c t i  n boi l ing  between 0-cresol and m,p-cresol w a s  t r i e d ,  using d i l u t e  methauol- 
hexane?'). The r e s u l t s  are presented i n  Table 5. When 4546 methanol was t r i e d ,  
2 , 6 - ~ 1 e n o i  was recovered i n  63% jrield and 675 puri ty .  
t o  35$ resu l ted  in increased se lec t iv i ty ,  and 2 , 6 - ~ y i e n o i  was recovered i n  91% 
p u r i t y  and 54% yie ld .  
complish the same result. Apparently, aqueous methanol, ldhen s u f f i c i e n t l y  dl luted,  I 

can separate  t a r  acids  on tne  bas i s  of both a c i d i t y  and molecular weight. 

Dilution of the methanol 

It wouid require  severa l  precis ion cXst iUat ions t o  ac- 
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Tar Acids 
Neutral O i l  
Tar  Bases 
d i p h a s i c  Acids 

Tar Acid O i l  
60% Methanol 
Hexane 

;it.k 
14.5 
34.8 
0.6 
0.2 

Extraction Conditions 

Vol. Ratio 
1.0 
1.5 
3.0 

Composition and Yield of Methanol Zxtrac t  

Yield or' T a r  Acids 92 wt.5 
&ri t; . g. 5 )  

Neutral O i l  
Tar Bases (Pyridine) 0 . 9  
Aliphatic Acids (Butyric Acid) 0.36 

Table 2 

Solvent Extraction of Coke Oven Tar Acid O i l  

Feed Composition (170-23O'C) 

Tar  A c i d s  
Naphthalene 
Neutrai O i l  
Tar Bases 

Extraction Conditions 

60.1 

1.6 
24.0 

Vol. Ratio 
1.0, 
1.0 

Zeotene 3 . p  

?uritj.  of T a r  Acids 
T,J-. - 

Neutral 311s C G . i  
T a r  3ases +.i 

9s 3 1:1 s d u t i o n  Lo nsotme. 
*Inciudes n e p t a e  used t o  d i l u t e  tar a- id  oi;. 
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Solvent Elrtraction of Potroleum Cresylic Acids 

Feed Composision (16O-2!+O0C) 

Tar Acids 
Mercaptans Thiocresols 
Disulfides ) 
Neutral O i l s  

E-xtraction Conditions 

Tar Acid O i l  
GO$ Netnanol 
iiexane 

Pur i ty  o f  Tar Acids 

Neutral O i i s  
Tar Bases (Pyridine) 
i.;erca?tans 1 (Thiocresols 
Disulfides ) 

16.3 

1- 5 

Vol. Ratio 
1.0 
2.0 
41.5 

* 
0.05 
0.05 
0.012 

Table 4 

Senoval of Mhydric Phenols From Hi& Boiling Tar Acids 
23O-j5O0 C 

Extraction Conditions 

Exp. No. - 1 - 2 1 
Feed Rates (mL/min. ) 

Tar Acids 4.5 4. j 4.5 
Aqueous Methanol 12.0 ( 3 @ )  U.0 (35%) 18.0 (40%) 
Eexane 10. j 10.5 10.5 

Yieids (Wt.$ Tar Acid Feed) 

Kezhwol Extract 11 12 21 
Hexane Raffinate 89 88 79 
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Table 5 

Separation of 2,6-Xylenol From Mixed Cresols 

Tar Acids 
Aqueous &tnanol 
3exane ' .  

Extraction Cor?&itions 

Vol. fiatio 

1 1 
5 (45%) 10 (35%) 
10 5 

Feed Composition 

o-Cresol 
m-Cresol ) ' 

p-Cresol j 
2,6-xyienol 

( W t . $  Feed) 
Naphtha Raffinate Yield, 

Conposition, Wt.$* 

2,6-Wlenol 
o-Cresol 
m,p-Cresol 

*Based on I R  analysis. 

43.0 
40.0 

17.0 

16.1 

67.3 
19.1 
13.6 

42.2 
42.5 

15.3 

9.1 

91.2 
8.8 - 
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FRACTIONAL SOLVENT 
EXTRACTION APPARATUS 

STIRRER 

AQUEOUS 
METHANOL 

HEXANE 

4 t 
HEXANE 

RAFFINATE 

ROTAMETER 

EXTRACTION 
COLUMN 
I" X 8' 

V 

n 
HEXANE 

ROTAMETER METHANOL 
EXTRACT 
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